The most visible manifestation of climate change in the American Southwest is its effects on water resources. Since 1999, the region's water supplies and major rivers have been tested by burgeoning population growth and drought. Model projections suggest increasing drought severity and duration due to rising temperatures, increased evapotranspiration, and enhanced atmospheric circulation from the tropics (Hadley circulation).
The Arizona Water Institute, Arizona State University, and University of Arizona convened a "knowledge network" of local, state, tribal, and federal water resources managers and scientists to identify climate change adaptation and response strategies.
Participants noted the increasingly widespread use of hydrologic data derived from tree rings, which improves understanding of past streamflow variability and sequences of low-flow years. Water managers from federal, municipal, and private agencies cited use of these data to inform planning decisions regarding supply reserves, worst-case scenarios, and purchasing alternative supplies. Managers said they need better estimates of annual high flows and separate estimates of average summer and winter flows.
In monitoring and prediction sessions, participants strongly recommended comprehensive water-balance monitoring to anticipate hydrologic cycle changes. Such monitoring efforts include continuous observations of demand-side variables, such as consumptive water use and evapotranspiration; hydrologic monitoring and research in mountainous regions to better understand connections between snow, soil moisture, and changing likelihoods of warm winter and spring storms that dump rain on top of the snowpack and produce rapid runoff and flooding; and expanding the U.S. Geological Survey streamflow network. Managers expressed concern about the implications of changes in hydrologic variability, including mean and extreme flows, rates of evapotranspiration, and characteristics of snowmelt runoff, by natural (multidecadal) and anthropogenic (humancaused) climate changes. Such alterations to the climate system require water managers and engineers to identify nonstationary probabilistic models and other methods to deal with shortcomings in existing prediction methods used in planning and infrastructure design. Their strategic science priorities included improved understanding of how warming will change the accuracy of water cycle and climate predictions, and extend hydrologic forecasts to provide Earth system science has inherent interdisciplinary aspects. In the marine environment, biogeochemical, ecological, and physical climate science processes interact strongly. Examples of these interactions are feedbacks between variations in the marine carbon cycle and radiative forcing in the atmosphere, variations in the distribution of tuna related to El Niño-Southern Oscillation, and the distribution of nutrients in ventilated water masses that are subject to climate variability.
International research programs recognize the importance of these interactions but are organized primarily along disciplinary sciences. The Climate Variability and Predictability (CLIVAR) project of the World Climate Research Program has a focus on the physical aspects of the climate system, and the Integrated Marine Biogeochemistry and Ecosystem Research (IMBER) and Global Ocean Ecosystems Dynamics (GLOBEC) projects of the International Geosphere-Biosphere Programme focus on both biogeochemistry and ecosystems research. In an attempt to link research on physical climate variability with marine environmental research, IMBER, GLOBEC, and CLIVAR organized training for young marine scientists in Brest, France.
The training focused on physical climate variability changes and their impact on the marine environment. Young marine scientists were introduced to climate processes and climate data sets that can be used for analyzing the coupling between the marine environment and climate. Three main aspects of the training included hands-on sessions, lectures, and live broadcasts.
Gridded data sets of ocean and climate data are widely available on the Internet. The use of these data requires knowledge of their background. In the training, a variety of data sets were used ranging from gridded ocean observations (expandable bathymetric and thermographic data, altimetry, etc.), ocean reanalysis data that combine ocean model and observational data (Simple Ocean Data Assimilation (SODA)), ocean general circulation output, and coupled ocean-atmosphere model output (using Intergovernmental Panel on Climate Change Fourth Assessment Report models). Also, climate analysis tools (see http:// climexp.knmi.nl) and individual-based marine ecosystem models were used to analyze the climate variability and its impact on marine ecosystems. The participants worked in small groups with the data and software, primarily on regions of their own interest.
The lectures provided background to hands-on sessions by delving into the intricacies of climate data and models. These lectures introduced, among other things, physical processes, patterns of climate variability, modeling aspects of the ocean and climate, statistical analysis techniques, and the link between climate and marine ecosystems. Speakers highlighted the advantages and disadvantages of data sets, as well as analysis techniques and their pitfalls.
Thirty Ph.D. students and young postdocs out of 190 applicants were selected for the training. The hands-on sessions required a relatively small attendance. However, a Web conference tool provided by the European network of excellence for Ocean Ecosystems Analysis (Euroceans) allowed others to follow all lectures live on the Internet. The system also provides a question-andanswer tool. On average, 40 users logged on to follow the lectures from elsewhere. The recorded lectures will be available at the CLIMECO Web site.
With this training, a new generation of marine scientists got acquainted with climate data and analysis techniques for processing climate data. This will help them carry out novel research on the coupling between the marine environment and climate variability and change. For more information, presentations, sponsors, and background documents, see http://www.imber .info/CLIMECO_home.html.
Very few marine fisheries assessments use oceanic environmental information when estimating stocks for management purposes, exceptions being assessments of California sardines and northern Australian prawns, which use sea surface temperature. Instead, assessments are based on trends and indices of abundance, biomass, age composition, size at age, maturity, and so forth, as indicators of the health and trajectory of fish stocks. Recently, there have been many attempts to better understand the impact of the spatial and temporal variations of the physical ocean state on fish populations and to consequently enhance the efficacy of these stock assessments.
It is in this atmosphere that this book arrives with high expectations. A volume that could synthesize our current understanding of how environmental factors, such as ocean temperature, thermocline distribution, mixed-layer depth, mesoscale frontal statistics, and so forth, influence the health and stability of fish populations and the ecosystems where they abide would be welcome indeed.
The book, instead, is generally organized in an encyclopedic fashion, with only a short and very general introductory exposition attempting to link specific responses in marine ecosystems and fish populations to environmental forcing. The penultimate chapter, which catalogs by region some recent results by various investigators, is presented more like a listing of abstracts of the articles than like an integrated explanation of causes and effects. The final chapter, on fisheries forecasts, provides only a brief overview of some of the physical fields, such as ocean temperature or sea surface temperature fronts, included in weekly or seasonal forecasts of fisheries in Japan, the United States, China, and India.
As a bound atlas of information, however, the book is sound. It includes a compendium of the most important commercial marine fishes, from sardine to salmon, and from haddock to halibut. It would have seasoned the presentation to include sketches or colorful photos of these fishes. Instead, the discussions of the various fishes are simply cut and dried.
The book goes on to present statistics of fish catches from 1950 to 1994, organized by oceanic regions delimited by the Food and Agriculture Organization of the United Nations. Although the dry text associated with this accounting essentially amounts to reading numbers off of charts and tables, these charts and tables will provide a useful resource for researchers requiring a quick look at how various groups of fish populations have changed over the decades of the 1950s through the 1980s, or from 1988 to 1994. A more updated account of fish catches through the early 2000s would have been more opportune for linking the variations to the pronounced global warming signals observed over the most recent decades.
As it is, the most recent data presented are 14 years old.
The remaining chapters of the book contain extensive descriptions of the basic physical oceanography, the typical nutrient distributions, and the general patterns of the low-trophic-level ecosystem (phytoplankton, zooplankton, and benthos) for each of the major oceanic regions. While the information will be handy for those seeking some of the references for understanding the factors that lead to these distributions, the regional approach has already been exceptionally well covered in Ecological Geography of the Sea by Alan Longhurst. And, unfortunately, the figures that were included in these chapters are disappointingly primitive, with hand-drawn arrows schematically indicating major ocean currents and hand-drawn hatching indicating the approximate distributions of phytoplankton and zooplankton.
In this computer-driven age of sophisticated graphics tools and high-resolution satellite products, it is hard to imagine a book being published with figures of ocean regions bounded by hand-drawn continental outlines. But although this book is loaded with such figures, they do manage to get the message across to the reader in a quaint way, akin to a colleague sketching ideas on a chalkboard during a private discussion. The volume contains more than a few typographical errors, and the author oddly refers to ocean gyres as "circles."
Students and scientists may find this treatise useful as a desktop reference and a convenient starting point for more in-depth accounts of environmental influences on fish populations. But not many will find this book to be an illuminating and lively account of just how fascinating and dynamic this cross-disciplinary topic really can be.
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Managers further discussed needs for enhanced decision support, including tools that allow users to test and visualize how changes to the water cycle and climate will affect existing policies and vice versa, along with more extensive explanatory information to accompany climate projections and scenarios. Managers bemoaned black-box models and recommended validation by independent auditors. They mentioned that collaborative learning with peer stakeholders and researchers results in greater acceptance of uncertainties in observations and projections, and improves understanding of connections between models, observations, and system sensitivities. To streamline decision support, they indicated a preference for face-to-face meetings, away from their offices, that allow participants to explore the ramifications of management decisions in light of hydroclimatic projections.
Engineering discussions highlighted needs to evaluate and redesign water, wastewater, and flood control systems to ensure robust operations in anticipation of greater climate extremes. Participants noted a need for multidisciplinary approaches to improve understanding of the magnitude of energy required for water distribution and treatment, and requested integrated evaluations of water supply decisions, greenhouse gas emissions, environmental impacts, and economic trade-offs in balancing these factors.
Organizers plan continued engagements to foster connections between scientists and practitioners. Workshop recommendations will be presented to Arizona's climate adaptation initiative, and science priorities have been presented at a National Academy of Sciences colloquium. For an executive summary, see http://azwaterinstitute.org/ workshops.html.
